We compute the Coleman Weinberg effective potential for the Higgs field in RS GaugeHiggs unification scenarios based on a bulk SO(5) × U (1) X gauge symmetry, with gauge and fermion fields propagating in the bulk and a custodial symmetry protecting the generation of large corrections to the T parameter and the coupling of the Z to the bottom quark. We demonstrate that electroweak symmetry breaking may be realized, with proper generation of the top and bottom quark masses for the same region of bulk mass parameters that lead to good agreement with precision electroweak data in the presence of a light Higgs. We compute the Higgs mass and demonstrate that for the range of parameters for which the Higgs boson has Standard Model-like properties, the Higgs mass is naturally in a range that varies between values close to the LEP experimental limit and about 160 GeV. This mass range may be probed at the Tevatron and at the LHC. We analyze the KK spectrum and briefly discuss the phenomenology of the light resonances arising in our model.
Introduction
first and second generation left handed chiral fermions have mass parameters c > 1/2 and the zero modes are localized towards the so-called ultraviolet (UV) brane at x 5 = 0.
Gauge-Higgs unification models [5] provide a solution to the last mysterious aspect of the SM, while leading to a dynamical origin for the Higgs field effective potential. The gauge symmetry of the SM is extended in the bulk and broken at the boundaries. The Higgs is associated with the fifth component of gauge fields in the direction of the broken gauge symmetry. The gauge bosons associated with the broken symmetry are odd under the orbifold symmetry and the fifth component is guaranteed to be even, leading to the presence of massless scalar fields in the theory, with no potential at tree-level. The Coleman-Weinberg Higgs potential is then determined by quantum corrections. For certain values of the fermion mass parameters, this effective potential leads to the Higgs field acquiring a non-zero vev and to the proper generation of gauge boson and fermion masses.
Warped extra dimensions have a rich spectrum of four dimensional Kaluza-Klein (KK) excitations. In particular, after EW symmetry breaking, the KK modes of the weak gauge fields mix with the would-be zero modes, inducing important modifications to the masses and couplings of gauge fields at tree-level. Such large modifications would render the theory inconsistent for values of the gauge field's masses at the reach of the LHC [6] . Recently, it was realized that these large corrections may be prevented by extending the weak gauge symmetry in the bulk of the extra dimension to incorporate the custodial symmetry: SU (2) L × SU (2) R [7] . Moreover, a left-right parity symmetry, P LR is necessary to prevent large corrections to the bottom-quark couplings [8] . A gauge extension of the EW sector of the model to SO(5) × U (1) X provides a framework in which gauge-Higgs unification and custodial symmetry are possible. The Higgs potential is fully calculable at one-loop level and a prediction for the Higgs boson mass may be obtained.
Consistency of the theory at the quantum level, however, demands that the possible large corrections to precision electroweak parameters induced by the fermions of the theory be computed. It was recently shown that complete consistency may be obtained for certain values of the mass parameters associated with the fermions of the third generation [9, 10] , provided the Higgs remains light, as is expected in Gauge-Higgs unification models.
In this work, we compute the dynamically generated Higgs potential in models similar to the ones previously analyzed in Refs. [9, 10, 11] . The Higgs potential is calculated by means of a generalization of the framework discussed in Ref. [12] and the specifics of our model are complementary to the one discussed in Ref. [11] . We find that a consistent breakdown of the EW symmetry, with a dynamical generation of masses of the gauge bosons and the third generation quarks may only be obtained for certain values of the fermion mass bulk parameters. Interestingly enough, these mass parameters are the same as those demanded by consistency with experimental observations at the quantum level [13] . Moreover, the Higgs boson is predicted to be light, with mass m H in the range to be probed by the Tevatron and the LHC in the near future.
This article is organized as follows. In section 2 we describe our 5-dimensional (5D) model and derive the gauge boson spectral functions. Furthermore, we analyze the W gauge boson form factor at low energy, defining its coupling to the Higgs field. In section 3 we derive the fermion spectral functions, necessary to compute the loop-induced Higgs effective potential and the fermion mass spectrum. We also compute the top quark form factor at low energy and the associated Yukawa coupling. Section 4 deals with the explicit computation of the effective potential. In section 5 we present the numerical analysis of the effective potential for the Higgs and the KK spectrum of the theory. We reserve section 6 for our conclusions.
5-Dimensional Model and Gauge Fields
We are interested in a 5D gauge theory with gauge group SO(5)×U (1) X . The geometry of our spacetime will be that of RS1 [2] , with an orbifolded extra spatial dimension in the interval
The metric for such a geometry is given by
where a(x 5 ) = e −kx 5 . The space spanning the fifth dimension corresponds to a slice of AdS 5 , with branes attached at the two boundary points: x 5 = 0 (UV brane) and x 5 = L (IR brane).
We place our gauge fields, A M = A α M T α and B M , in the bulk, where T α are the hermitian generators of the fundamental representation of SO(5) and generically Tr[T α .T β ] = C(5)δ α,β . The explicit form of the generators [14] are given in Appendix A.
Our fermions ψ also live in the bulk, and they transform under a representation t α of SO(5). However, for the moment, we concentrate only on the gauge content of our model. The phenomenologically required fermionic content will be discussed in detail in Section 3.
The 5D action is
where D N = ∂ N − iA α N t α − iB N and g 5 and g X are the 5D dimensionful gauge couplings. The choice C(5) = 1 is a convenient choice, since it allows us to identify the eigenvalues of our generators as the weak isospin, with the four dimensional coupling given by g 2 = g 2 5 /L. Any other choice for C(5) may be absorbed into a redefinition of the gauge fields or the gauge coupling leaving the physics unchanged.
To construct a realistic 4D low energy theory, we will break the 5D SO(5) × U (1) X gauge symmetry down to the subgroup SO(4)
is the hypercharge and Q X is the U (1) X associated charge which is accommodated to obtain the correct hypercharge. We divide the generators of SO(5) as follows: the generators of SU (2) L,R are denoted by T a L,R and t a L,R , while the generators from the coset SO(5)/SO(4) are denoted by Tâ and tâ.
In order to obtain the correct hypercharge and therefore the right Weinberg angle θ W , we need to rotate the fields A where we will enforce A Y µ to have even parity, corresponding to the hypercharge gauge boson in the 4D low energy limit. From now on we will drop the prime on A 3 R , and it will be understood that a R refers to 1 R , 2 R and 3 R .
To implement the breaking of SO(5) on the two branes as stated above, we impose the following boundary conditions on the gauge fields:
These boundary conditions lead to 4D scalars hâ originating from Aâ 5 . At tree level, the hâ's have a flat potential and therefore may be thought of as a dual description of Goldstone bosons arising after spontaneous breaking of the global symmetry in 4D. Furthermore, A a L µ and A Y µ also have zero modes which will become massive as soon as the hâ's develop a vev, leading ultimately to electroweak symmetry breaking.
Part of our work consists of obtaining the mass spectrum of the theory in the presence of the vev of hâ. The Higgs forms a bidoublet under SO(4), whose doublet component under SU (2) L is given by H ∝ (h1 + ih2, h4 − ih3) t , with charge 0 under the U (1) X . The SO(4) symmetry in principle implies that we can choose any one of the components to be the only non-zero one acquiring a vev. However, we want the scalar Higgs to be a neutral particle, therefore, we choose < h4 >= h.
We KK-expand the fields [12] ,
where we have put the explicit dependence on x 5 for the scalars hâ(x). The normalization constant is chosen so that the scalars are canonically normalized,
We wish to solve for the KK profiles f n (x 5 , h) so that the 5D action may be rewritten in terms of a tower of 4D fields A n (x) whose kinetic and mass terms, after proper diagonalization, take the form:
This is done by solving the equations of motion in the presence of the scalar vev, and satisfying the boundary conditions implied by Eqs. (5) and (6) . It turns out that solving the equations of motion in the presence of h is complicated, as these mix the Neumann and Dirichlet modes. However, 5D gauge symmetry relates these solutions to solutions with h = 0 [16] . To that end, focusing on the gauge fields, we perform the following gauge transformation on them
where Ω(x 5 , h) is the gauge transformations that removes the vev of h:
In the h = 0 gauge, the gauge KK profiles satisfy the following equation of motion:
which is the same for both Dirichlet and Neumann modes. We call the independent solutions C(x 5 , m n ) and S(x 5 , m n ), which satisfy the following initial conditions: C(0, z) = 1, C (0, z) = 0, S(0, z) = 0 and S (0, z) = z. The explicit form of these solutions are given by [17] :
Note from Eq. (10) that for
). This implies that the gauge KK profiles satisfying the UV boundary conditions given in Eq. (5), can be directly written in terms of the basis functions defined above as
where the coefficients C n,α are normalization constants. We can now calculate f α n (x 5 , h) using Eq. (9) . The IR boundary conditions give us a system of algebraic equations for the coefficients C n,α . The determinant of this system of equations must vanish to give us a nontrivial solution, and this condition in fact gives us the quantization condition for the masses m n (h). Using this procedure we find for the gauge bosons:
where the "Higgs decay constant" is defined as
and λ 2 G = 1/2. Furthermore, using the Wronskian relation
we can rewrite the quantization condition in a more convenient form:
Therefore the KK mass spectrum for the W and Z bosons, with the correct Weinberg angle given by s 
We will identify the first zero of these equations with the masses of W and Z, respectively, and we shall denote the masses of the first excited states as m W 1 and m Z 1 , associated with the second zeroes of both equations.
We can gain some physical insight if we look at Eq. (18) in the limit h = 0. In that case, this equation reduces to,
We can identify the zeroes coming from C 4 (L, m n ) = 0 with the KK mass spectrum of the 4 gauge bosons belonging to SU (2) L ×U (1) Y which are even on both the UV and the IR branes. In the same way, we identify the zeroes of S 3 (L, m n ) = 0 with the KK spectrum of the 3 SU (2) R gauge bosons which are odd on the UV brane and even in the IR brane. S 4 (L, m n ) = 0 is identified with the KK spectrum of the 4 SO(5)/SO(4) gauge bosons which are odd on both the UV and IR branes. Thus in Eq. (18) we associate the photon KK spectrum with the zeroes of C (L, m n ) = 0.
Gauge Boson Form Factors at Low Energy
At small momenta, below the scalek ≡ k exp(−kL), the form factor for the W gauge bosons can be approximated by
From the last equation, we can find an analytic expression for the W-mass:
From this expression we can calculate the Higgs-W-W coupling, λ HW W , at linear order, by simply taking the derivative of m 2 W with respect to the vev of h:
where we used λ G = 1/ √ 2 and in the last step note that in the limit λ G h/f h 1 we recover the SM Higgs-W-W coupling. We will discuss the physical implications of the above limiting case in section 5.
Fermionic KK profiles
The SM fermions are embedded in full representations of the bulk gauge group. The presence of the SU (2) R subgroup of the full bulk gauge symmetry ensures the custodial protection of the T parameter [7] . In order to have a custodial protection of the Zb LbL coupling, the choice
has to be enforced [8] . An economical choice is to let the SM SU (2) L top-bottom doublet arise from a 5 2/3 of SO(5) × U (1) X , where the subscript refers to the U (1) X charge. As discussed in [9] , putting the SM SU (2) L singlet top in the same SO(5) multiplet as the doublet, without further mixing, is disfavored since for the correct value of the top quark mass this leads to a large negative contribution to the T parameter at one loop. Hence we let the right-handed top quark arise from a second 5 2/3 of SO(5) × U (1) X . The right handed bottom can come from a 10 2/3 that allows us to write the bottom Yukawa coupling. For simplicity, and because it allows the generation of the CKM mixing matrix, we make the same choice for the first two quark generations. We therefore introduce in the quark sector three SO(5) multiplets per generation as follows:
, where we show the decomposition under SU (2) L ×SU (2) R , and explicitly write the U (1) EM charges. 
The superscripts, i = 1, 2, 3, label the three generations.
We also show the parities on the indicated 4D chirality, where − and + stands for odd and even parity conditions and the first and second entries in the bracket correspond to the parities in the UV and IR branes respectively. Let us stress that while odd parity is equivalent to a Dirichlet boundary condition, the even parity is a linear combination of Neumann and Dirichlet boundary conditions, that is determined via the fermion bulk equations of motion as discussed below.
The boundary conditions for the opposite chirality fermion multiplet can be read off the ones above by a flip in both chirality and boundary condition, (−, +) L → (+, −) R for example. In the absence of mixing among multiplets satisfying different boundary conditions, the SM fermions arise as the zero-modes of the fields obeying (+, +) boundary conditions. The remaining boundary conditions are chosen so that SU (2) L × SU (2) R is preserved on the IR brane and so that mass mixing terms, necessary to obtain the SM fermion masses after EW symmetry breaking, can be written on the IR brane. Consistency of the above parity assignments with the original orbifold Z 2 symmetry at the IR brane will be discussed in Appendix B.
As remarked above, the zero-mode fermions can acquire EW symmetry breaking masses through mixing effects. The most general SU (2) L × SU (2) R × U (1) X invariant mass Lagrangian at the IR brane -compatible with the boundary conditions -is, in the quark sector,
where M B 1 , M B 2 and M B 3 are dimensionless 3×3 matrices, and matrix notation is employed. In Appendix B we will show how these mass terms may be generated from an SO(5) invariant Lagrangian using the spurion formalism. To prevent negative corrections to the T parameter [18] , [9, 10] , we will take M B 3 to be the null matrix. In Appendix C however we briefly discuss the modifications of the effective Higgs potential induced by a non-zero value of M B 3 . Moreover since the Higgs effective potential is most sensitive to the third generation, we will concentrate on this one, discarding family indices.
With the introduction of these brane mixing terms, the different multiplets are now related via the equations of motion. In the case of a mass term involvingΨ 1 L Ψ 2 R , with the fields having profile functions g L and h R , the odd parity profile g R on the IR brane is related to h R :
The odd parity we demand at the IR brane implies a Dirichlet boundary condition for the function g R . Therefore, we can rewrite: lim
and, similarly: lim
Eq. (27) and (28) can now be reinterpreted as the new boundary conditions for the profiles at the IR brane. The fermions, like the gauge bosons, can be expanded in their KK basis:
In the h = 0 gauge, we redefineψ = a 2 (x 5 )ψ and we write our vector-fermionic fields in terms of chiral fields. We can KK decompose the fermionic chiral components as,
wheref is normalized by:
Therefore the profile function for the zero mode fermion corresponds to a −1/2 (x 5 )f 0 . From the 5D action, Eq. (2), concentrating on the free fermionic fields, we can derive the following first order coupled equations of motion forf L,R,n ,
We see from Eq. (32) that we can redefinef R,L,n = e −M x 5f R,L,n and relate the opposite chiral component of the same vector-like field byf R,n = (−a(x 5 )/z)∂ 5fL,n . For the left handed field having Dirichlet boundary conditions on the UV brane, we can derive a second order equation for the chiral componentf L,n :
the solution of which we shall callS M (x 5 , z), with boundary conditionsS
Similarly, we can redefinef R,L,n = e M x 5f R,L,n and then relate the opposite chirality viaf L,n = (a(x 5 )/z)∂ 5fR,n . If the right-handed field fulfills Dirichlet boundary conditions on the UV-brane, we can write the equation of motion forf R,n :
We shall correspondingly denote the solution to this equation withS −M (x 5 , z), fulfilling the bound-
As emphasized before, the solutions of the opposite chirality, are related to these solutions via the the first order equations of motion, Eqs. (32), which we rewrite asṠ
Here M = −ck, and the ± is chosen depending on whether we want an odd (-) boundary condition on the UV brane for the left-handed or right-handed fermionic field. The solution to Eq. (33) is given by [17] :
The solution for Eq. (34) is given by Eq. (35), with the replacement c → −c.
Before proceeding with the gauge transformations as was done with the gauge fields, we would like to discuss what is required of the gauge transformation for the fermions. The boundary conditions are explicitly given on the physical fermion which is an isospin eigenvector. Hence, the first step is to identify the different components of the vector ψ with the doublets, triplets and singlets as required from Eq. (24). Second, we need to assign functions to the different components of the multiplets consistent with the boundary conditions for the fermions given in Eq. (24). The basis f L,R,n andf L,R,n are simply related by exponentials, therefore, the functions f L,R,n , given by S ±M
Odd and even solutions (S orṠ) can then be assigned to the component functions of the multiplets ξ 1L , ξ 2R and ξ 3R , depending on the boundary parities. For example, for a left handed component having boundary conditions (−, +) L or (−, −) L , since the function is odd at the UV brane, we assign a solution S M to that component of the left-handed multiplet. If the boundary condition is (+, +) L , or (+, −) L we need to look at the chiral companion (−, −) R or (−, +) R . In this case, our right handed fermion is odd on the UV brane. The relationship between the left and the right handed components are as defined above via derivatives. Therefore, we assignṠ −M to the left-handed fermion. Following this procedure, we can assign either S ±M orṠ ±M to each component of the multiplets. This procedure defines our three fermion multiplets in the h = 0 gauge as the vector functions:
where, as for the gauge bosons, the C i are normalization constants. The opposite chiralities have opposite boundary conditions and can be read from these ones.
The boundary conditions as written above, for example, for the vector components of f 1,L (x 5 , 0) are the boundary conditions on the isospin eigenvector with charges (+1/2, +1/2), (−1/2, +1/2), (+1/2, −1/2), (−1/2, −1/2), (0, 0) under SU (2) L × SU (2) R , respectively. However, in the basis of our generators, the eigenvector with spin +1/2 under SU (2) L , for example, is given by:
To simplify matters, so that the boundary conditions can be taken to be on the eigenvector:
the transformation Ω needs to be in the basis consistent with Eq. (38), or we can also think about this as changing the fermion vector functions given in Eq. (36) to the basis of our generators. This means that we have to first understand how the eigenvectors of T 3R,L decompose in the canonical basis for both the 5 2/3 and the 10 2/3 .
For the 5 2/3 fermions, the basis transformation for ξ 1L , ξ 2R is given by
For 10 2/3 , the transformation matrix for ξ 3R is given by 
Therefore, once the UV boundary conditions define the vectors as in Eq. (36), we change bases to be able to implement the gauge transformation and then transform back so that the IR boundary conditions can be imposed. Using the transformations defined in Eq. (39) and (40), we can write the final fermion vector functions in the presence of the vev of h as:
Applying the boundary conditions at x 5 = L, taking into account the mass mixing terms from Eq. (25) and using the procedure defined in Eqs. (27) and (28) 
where the superscripts denote the vector components.
Asking that the determinant of this system of equations vanishes so that we get a non-trivial solution, we notice that all dependence on the prefactors a
andS ±M ,Ṡ ±M drops out, and thus we conclude that one of the following equations should vanish:
where for simplicity we did not write the dependence on L and z and furthermore, we have used the Crowian:
In the following, and for simplicity, we shall omit the tildes and refer to the solutionsS ±M by S ±M . The same value λ F = 1/ √ 2 is found in the fermionic case, so from now on λ = λ G = λ F . The solutions to Eqs. (45), (46) and (47) can be interpreted as the KK spectrum of exotic fermions. We shall name these states E 3 , E 2 and E 1 , respectively. Eq. (48) is the KK mass spectrum for the bottom quark and Eq. (49) gives the KK spectrum for the top quark.
We can rewrite Eqs. (48) and (49) in the same form as the gauge bosons:
where
Equations (19), (51) and (52) are the starting point for computing the one-loop effective potential for the scalars hâ. It is physically very illuminating to interpret the origin of the fermionic resonances if we contemplate the fermionic determinant in the case h = 0:
We recall that the way we defined the initial fermionic functions (S ±M ) was via the boundary condition on the UV brane and the chirality. However, since we are in the h = 0 gauge, we can use the boundary conditions on the IR brane to further give us the final equations the functions have to satisfy:
We can now interpret Eq. 
Top Mass and Yukawa Coupling at Low Energy
At small momenta, the solution to Eq. (35) takes the form:
Replacing this in Eq. (49), keeping only quadratic terms in z and for simplicity neglecting the small M B2 effects, we find that the top quark spectral equation reduces to:
where A and B are coefficients given by: .
Solving Eq. (62) for z 2 , we find that the top mass takes the form
which can also be written as
This expression is similar to the one obtained in a related model in Ref. [11] . From this expression we can calculate the Yukawa coupling of the top, Y t , at linear order, by simply taking the derivative of m t with respect to h:
where we note that in the limit λh/f h 1, we recover the SM top Yukawa coupling.
Coleman-Weinberg potential for hâ in 5D
The Coleman-Weinberg potential in 5D KK theories (see for instance [12] ) takes the form:
Here N is the number of degrees of freedom of a given particle, ± depends on whether we are considering bosons or fermions and ρ(z 2 ) is the spectral function encoding the spectrum in the presence of h. We showed in the previous section that in the 5D framework the spectral functions encoding the KK spectrum in the presence of the Higgs vev are given by:
Thus, the scalar potential for the pseudo-Goldstone can be written as:
The form factors F W and F Z for the gauge bosons are given by Eq. (19) , and F b , F t 1 and F t 2 for the fermions are given by Eq. (51) and (52). We note here that the main contribution to the potential from the fermionic sector is due to the top quark. Therefore, the first two fermion multiplets, ξ 1 and ξ 2 are the most important for fixing the Higgs potential.
Numerical Results
Our goal is to find a non-trivial minimum of the Higgs effective potential that will break SU (2) L × U (1) Y down to U (1) EM . The relevant parameters which control the model are M B 1 , M B 2 , c 1 , c 2 , c 3 and kL, where M 1 = −c 1 k, M 2 = −c 2 k, M 3 = −c 3 k and L is the length of the extra dimension. Looking at the potential we immediately see that sin(λh/f h ) = 1 is a non-trivial extremum. When (λh/f h ) = 0 corresponds to a maximum, this extremum can be a minimum. However this would lead to a non-standard effective low-energy theory, since as seen from the form factors, and from Eq. (23), the Higgs coupling to the gauge bosons vanishes at linear order 1 . Therefore, we shall concentrate x's the non-linear regime and black dots where a minimum for the effective potential exists.
only in the regions of parameter space such that 0 < sin(λh/f h ) < 1 with 0 < λh/f h < π/2. After obtaining a non-trivial minimum, we calculate k by finding the first zero of Eq. (19) and setting this mass equal to the W mass [19] . This is the mass that the W zero-mode gets from interacting with the Higgs vev. Since the relationship between the Z and the W form factors remains the same as in the SM, we also recover a consistent mass for the Z boson.
Having obtained k, we calculate the top-quark mass, given by the first zero of Eq. (52), and demand that its value is in the phenomenological range m top ∈ [140, 170] GeV. We take such a wide range since we consider the result of our calculation to be associated with the running top-quark mass evaluated at a scale of the order of the weak scale. Due to the strong gauge coupling, the running top-quark mass varies rapidly between values of m top ∼ 140 GeV, for a scale of the order of a few TeV, to values of m top ∼ 165 GeV, for a scale of order of the top quark pole mass M t . Furthermore, we also calculate the bottom quark mass, given by the first zero of Eq. (51), and demand it to be in the phenomenological range m bottom ∈ [2, 4] GeV. The Higgs mass is given by the second derivative of the effective potential with respect to h, evaluated at the vev. As we will show, somewhat smaller Higgs boson mass values tend to be associated with smaller values of the top quark mass, a reflection of the power dependece of the low-energy Higgs quartic coupling on the top quark mass. The Higgs mass and the KK spectrum are seen to be only weakly dependent on variations of the bottom quark mass in the above defined range.
Although we will display all results consistent with the observed quark and gauge boson low energy spectrum, we will concentrate on points in parameter space in the linear regime, such that λh/f h < 0.3. By linear regime we mean the regime where higher order interactions involving the Higgs field, ∝ (H/k) n with n > 1, can be neglected and, furthermore, the couplings of the Higgs with gauge bosons and fermions are very close to the ones in the SM. Therefore, in this regime the direct search LEP bounds on the Higgs mass apply, and m H 114 GeV. In addition, the low energy effective theory is well approximated by the SM, with renormalizable couplings and a light Higgs boson. This allow us also to compare our results with those of Ref. [9, 10] where they performed calculations in the linear regime as defined above.
We can interpretk as the associated mass scale of our theory and of the order of the natural UV cut off of the low-energy, SM-like effective theory. The scalek is inversely proportional to λh/f h and therefore as we move away from the linear regime, we are pushing the UV cut-off lower and additionally causing the linear couplings of the Higgs to become smaller. Therefore, the theory becomes increasingly non-renormalizable, which leads to the need of taking into account higher order KK-states (beyond zero-modes) in the calculation of low-energy processes, thus making connection with SM predictions harder. Whenk < 2.5 TeV, KK bosonic and fermionic resonances of exotic and SM fields have a chance to be detected in the next generation colliders such as the LHC; hence, we will be specifically interested in those regions.
We performed two major numerical parameter scans. In the first one we scanned the parameter space for values c i ∈ [−1, 1] with i = 1, 2, 3 and M B 1 , M B 2 ∈ [0, 5]. We used kL = 30 in our numerical 2 . The first scan was done with a coarse grid and before we discuss details of our numerical results, we would like to point out that the effective potential is a completely well behaved function of all the parameters, therefore, we expect that the gaps in our scanned space are smoothly filled. We found that even though for some value of the other parameters, non-trivial minima existed for nearly all the regions of c i and M Bi , we only found phenomenologically consistent gauge bosons, top and bottom quark masses in the following regions of parameter space: 0 ≤ |c 1 | ≤ 0.3, 0.35 ≤ |c 2 | ≤ 0.45, 0.55 ≤ |c 3 | ≤ 0.6, 1 M B 1 and M B 2 < M B 1 . Though the results show a skew symmetry between positive and negative values, we decided to concentrate on negative values of c 2 and c 3 , since interestingly enough, this is the region which is consistent with electroweak precision measurements [9] . Furthermore, positive values of c 1 lead to a smaller overlap of the left-handed top and bottom zero modes with physics at the IR brane, leading to a stronger suppression of potentially dangerous flavor changing operators [20] . Therefore, it is in this region where we performed a more thorough scan taking smaller steps for the c i .
In Figure 1 we notice a clear relationship between the Higgs and the top-quark masses, where on the plot we have included the bigger coarse scan of parameter space. Focusing on the interesting phenomenological region, we see in Figure 2 that in the linear regime we get Higgs masses that tend to be above 115 GeV, which is above the experimental bound from LEP, and below 160 GeV. Furthermore, there is a somewhat weak dependence of the Higgs mass values on the precise value of the running top quark mass. Higgs mass values closer to the current experimental bound are obtained for the smallest values of the top quark mass in the phenomenologically allowed range. In Figure 3 , we manifestly see that in the linear regime we may obtain masses for the Higgs which are compatible with 1.5 TeV k 2.5 TeV. Figure 4 provides us with information about the 5D parameter M B 1 which as increased moves the minimum to higher values of λh/f h , getting into the non-linear regime. We conclude that to remain in the linear regime, we cannot have an arbitrarily high M B 1 boundary mass parameter.
The behavior f h ∝ 1/k is seen in Figure 5 where, moreover, we notice that for the linear regime, values ofk 1.5 TeV are obtained. This low value ofk will lead to interesting phenomenology for the decays of light KK-fermions and KK-bosons.
In Figure 6 we see that a selected region of the plane c 1 − c 2 is suitable for minimizing the effective potential with the experimentally observed W , Z, top and bottom masses, and that the linear regime basically applies through out this region. As emphasized before, c 1 0 and c 2 −0.4 are the ones preferred by consistency with electroweak precision measurements [9] . In Figure 7 we noticed that the same phenomenologically accepted region for c 2 in the c 2 − c 3 plane with −0.6 ≤ c 3 ≤ −0.55 is chosen and it is also homogenously covered in the linear regime.
Figures 8 and 9 are very interesting for collider phenomenology and therefore deserve special attention. Even though we haven't included the plot, we calculated the mass of the W first excited will necessarily decay to Wt from charge conservation, leading to interesting phenomenology [21] . In addition, the lightest KK quark state T 1 , the top quark (via its right-and left-handed couplings) and the bottom quark (via its left-handed coupling) will be included in the KK gluon decay products. This is a distinctive feature of this model when compared with the predominant decay into righthanded top quarks in the models considered in Refs. [22] , [23] . 
Conclusions
In this article, we computed the one-loop Coleman Weinberg potential for the Higgs field in a specific model of Gauge-Higgs unification in warped extra dimensions. We chose the specific group SO(5) × U (1) X , which allows the introduction of custodial symmetries protecting the precision electroweak observables as well as a Higgs field with the proper quantum numbers under the electroweak gauge groups. As a first step, we computed the spectral functions of the fermions and gauge bosons of the theory when the Higgs field acquires a vev. These are then used to calculate the effective potential for the Higgs. We demand non-trivial minima that lead to the proper values of the gauge boson and fermion masses in the low energy theory. This requirement leads to a selection of a restricted region of parameters. Interestingly enough, the selected regions of parameters coincide with the ones previously selected in order to obtain good agreement with the precision electroweak observables.
Our main result is the computation of the Higgs and KK mass spectra. Demanding that the KK gauge bosons be accessible at the LHC and also that the effective potential minimum be in the linear regime associated with a SM-like low energy effective theory, we obtain Higgs boson masses which are between the present experimental bound on this quantity and about 160 GeV. This range of masses will be tested first at the Tevatron and then at the LHC collider in the near future.
The KK fermion spectrum also shows interesting features. We find that there are KK fermions which become much lighter than the KK gauge bosons. In particular, the lightest KK mode of the top becomes light enough so that the KK gauge bosons will decay into it. There is an additional light KK fermion, which may become light enough for the gauge KK bosons to decay into it, which has exotic quantum numbers under hypercharge, leading for instance to the presence of a light 
where Tâ (â = 1, 2, 3, 4) and T a L,R (a L,R = 1, 2, 3) are the generators of SO(5)/SO(4) and SO(4) respectively.
B Fermion Parity Assignments and Brane Masses
Since the Higgs has positive parity, in order to preserve the Z 2 orbifold symmetry, we need to ensure that the product of the parities of the fermions coupled via the Higgs is always positive. The Higgs profile is doubly exponentially suppressed on the UV brane, therefore, we will restrict ourselves to discussion of parities on the IR brane.
Concentrating on the parities of the first two multiplets given in Eq. (24), we notice that the product of the fermion parities coupled by the Higgs is not positive. One way to fix this would be to switch the parities for the SO(4) singlet components:
Due to the introduction of the brane mass terms as in Eq. (25), and looking at Eq. (44) we note that the switch in parity is exactly equivalent to taking M
. Thus the physical results presented in this work are invariant under the switch of parity with just the above mentioned change in M B 1 .
Another way to understand the realization of the Z 2 symmetry is via the spurion formalism. We introduce a spurion field transforming in the fundamental representation of SO (5), and acquiring a very large vev in the SO(4) singlet direction, breaking the SO(5) gauge symmetry to SO(4) on the IR brane. We also introduce local fermionic degrees of freedom on the brane and write large local mass terms involving the spurion, between these degrees of freedom and the ones propagating in the bulk. The fermion parities are chosen to be those preserving Z 2 . By using a procedure similar to the one outlined in Eqs. (26), (27) and (28), we can now change the bulk fermion IR boundary conditions while preserving Z 2 to give the model we are considering in this work. This mechanism would allow us to change the IR boundary conditions not just of the SO(4) singlet fields in the 5's, but also of the bidoublets in the 5's or in the 10. For the case of the SO(4) singlet fields in the 5's, we need to add SO(5) singlet fermions on the IR brane, that couple to the 5's via the spurion field. For the case of the bidoublets in the 10 or in the 5's, we need to add local 5's and singlet fermions on the IR brane, and couple them appropriately to the bulk 10 or 5's via gauge invariant masses or couplings to the spurion field (SO(5) singlet fields are necessary to remove unwanted degrees of freedom). In this way, one could start with the opposite IR parities for the three bidoublets to the ones given in Eq. (24), thus preserving the Z 2 symmetry, and reach the choice of bulk fermion boundary conditions used in this work.
The same spurion mechanism can be used to write the brane mass terms in Eq. (25) in an SO(5) invariant way. A spurion field which is a 5 under SO(5), can be used to write the bidoubletbidoublet mixing brane mass term, M B 2 , between the 5 and the 10 multiplets. The spurion field is coupled to these two via a Yukawa type interaction which can be adjusted to give M B 2 ∼ O(1). This field can be the same as the one that is used to change the parities of the fermions as described in the last paragraph. The same procedure, but now using a 15 ≡ 14 ⊕ 1 of SO(5) can be used to generate the mass mixing terms between the singlets, M B 1 . The 15 required can be thought of as arising from a tensor product of the 5 spurion field: 5 ⊗5 ≡ 10 ⊕ 14 ⊕ 1. Note that this mechanism will not generate a localized bare mass for the Higgs due to gauge invariance.
C Flip Parities for Q 2R and the Introduction of M B 3
We also studied the effects of flipping the parities of Q 2R as was done in the context of Ref. [10] . In this case, the parity assignments for the rest of our fermionic content remains the same except for Q 2R which now takes the form, 
From these expressions we expect that the only non-trivial EW breaking vacua will be generated when λ F h/f h = π/2 which, as discussed in section 5, leads to a theory which is highly nonrenormalizable. We performed limited numerical analysis which confirmed this expectation.
For completeness and as a reference for future work we write the expression for the determinant in the case of a non-zero mass mixing boundary term M B 3 as in Eq. (25). For simplicity, we turn off the singlet mass mixing M B 1 . Keeping parities as in our original model, we derive the following fermionic spectral functions,Ṡ
